Introduction: We aim to assess the real-world, US patient-reported impact of ankylosing spondylitis (AS) on quality of life (QOL) across physical, discomfort, social, and emotional domains. Methods: Demographic and QOL data were collected from a random sample of patients associated with the Spondylitis Association of America (SAA) from July to December 2017.
QOL measures were based on the Evaluation of Ankylosing Spondylitis Quality of Life (EASiQoL) questionnaire. The survey evaluated AS impact on the physical domain on the day of survey participation and impact on the discomfort, social, and emotional domains within the week before participation. A 3:1 (male to female) weighting was performed to reflect the reported prevalence of AS in US adults. Results: Of 820 respondents who completed the survey, 716 self-reported receiving an AS diagnosis from their doctor and were included in this analysis (mean age, 55.5 years; 46.9% male). The mean total EASi-QoL score was 28.9 (weighted); overall, 33.7%, 31.7%, and 34.7% of respondents, respectively, reported a low (EASiQoL score 0-17), a medium (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) , and a high (C 36) impact of AS on QOL. The physical domain was most impacted; 41.9% of respondents had an EASi-QoL score C 10 (weighted). Women were significantly more likely than men to report a high impact of AS on all QOL domains. Biologic users reported an impact on QOL comparable with the impact on QOL of nonsteroidal anti-inflammatory drug use. AS also impacted lifestyle characteristics, including career choice and sports participation. Conclusion: AS negatively impacted all QOL domains analyzed. The incorporation of subjective measures of disease into disease evaluation should be considered. Funding: Novartis Pharmaceuticals Corporation and UCB, Inc.
INTRODUCTION
Spondyloarthritis (SpA) is a chronic inflammatory rheumatic disease that may be predominantly axial or predominantly peripheral; axial SpA encompasses ankylosing spondylitis (AS), which exhibits radiological signs of sacroiliitis [1] . Current estimates indicate that AS affects 0.20-0.55% of the general population in the United States [2] . Patients with AS often experience impairment or loss of physical function [3] and are usually at higher risk of developing many comorbidities, including cardiovascular disease, osteoporosis, and uveitis, compared with the general population [4] [5] [6] [7] [8] . The goals of treatment in patients with AS are to reduce and/ or control inflammation, pain, stiffness, and fatigue; maintain spinal flexibility and normal posture; reduce functional limitations; maintain social relationships and work ability; and decrease complications of disease [9, 10] . Nonsteroidal anti-inflammatory drugs (NSAIDs) are the recommended first-line treatment of AS [9, 10] . However, in inadequate responders or patients experiencing the side effects of NSAIDs, biologics have emerged as novel anti-inflammatory therapies [11] .
Early indicators of AS may not be discernible; hence, patients often have chronic pain due to an ''invisible'' disease [12] . Qualitative studies revealed the perception of ''having an unfamiliar body'' [13] ; while physical pain interfered with daily living, the psychosocial outcomes of pain-such as distress, loneliness, identity loss, and low quality of life (QOL)-often interfered with treatment [14, 15] . The delay between symptom onset and diagnosis of disease has been reported to be approximately 13 years in the United States [16] and the presence of a lag has been attributed to frequent presentation of back pain and the lack of clinical symptoms or signs unique to AS [17, 18] . Impairment of QOL, increased mortality, and substantial healthcare costs impose a high burden on patients, their caregivers, and society [19] .
A survey of 592 patients with rheumatic diseases, including AS, indicated that up to 50% of patients were seldom or never queried about the impact of their disease on their QOL, and that normalization of QOL and symptom relief were the most important treatment attributes for these patients [20] . A patient's self-reported QOL is typically assessed by more generic instruments, such as the Medical Outcomes Study 36-Item Short Form [21] , to provide an overall QOL summary, or by disease-specific instruments, such as the Ankylosing Spondylitis Quality of Life [22] and the Evaluation of Ankylosing Spondylitis Quality of Life (EASi-QoL) [23] questionnaires. Several studies have used both generic and disease-specific instruments to evaluate the QOL of patients with AS and identified several predictors of QOL, including demographic variables, disease parameters, psychosocial factors, and advances in AS treatment and management [24] [25] [26] [27] . As randomized clinical trials often comprise select groups of patients who are rigorously monitored, limited information is available about real-world patient QOL.
The Spondylitis Association of America (SAA), founded in 1983, is a national nonprofit organization dedicated to patient care, research, and prevention of AS and related diseases. The SAA first conducted the AS Life Impact Survey (LIS) in 2002, before the era of biologic treatment for AS, to uncover the impact of AS on patients' lives; this study revealed delays in AS diagnosis as well as functional impairment and work disability among patients with AS [28] . Later, in 2011, another LIS was conducted to reassess patient QOL [29] . The data derived from these studies represent evidence obtained from clinical practice settings among a heterogenous patient population. In this 2017 LIS, we sought to update our understanding of the impact of AS by evaluating the patient-reported impact of AS on QOL in the physical, discomfort, social, and emotional domains among US patients with AS in a real-world setting.
METHODS

SAA LIS Study Design and Data Source
A cross-sectional survey was conducted among patients with a diagnosis of SpA in the SAA database, comprising sources such as the SAA website, physician referrals, seminar attendees, webinars, in-person support group meetings, word of mouth, health fairs, outdoor advertising, press releases, and social media outreach efforts. For the 2017 LIS, we initially aimed for a total of 800 final enrollees (700 online and 100 by phone). A total of 820 interviews were conducted with SAA contacts (20 additional respondents were enrolled as they completed the survey in the time it took to shut the online survey down) between July 7, 2017 and December 31, 2017; a flow diagram summarizing the survey participant recruitment and follow-up is provided in Fig. 1 . To provide additional context for how SpA has impacted QOL over time, findings from the 2011 LIS were also analyzed and are presented in the supplement. For the 2011 LIS, a total of 865 interviews were conducted; 757 were conducted online and 108 were conducted by phone in July 2011. Respondents were randomly selected by assigning a number to each person initiating contact with the SAA and then choosing random numbers for participation. Each person in the randomly selected group was screened for the presence of a self-reported SpA diagnosis (including AS, undifferentiated spondyloarthropathy, psoriatic arthritis, axial SpA, enteropathic arthritis associated with inflammatory bowel disease, and juvenile spondyloarthropathy). This study was designed, conducted, and reported in accordance with the Declaration of Helsinki and the Belmont Report.
Data Variables
Each respondent answered questions regarding baseline demographics, including age, sex, race, current working status, insurance type, and geographic region. All respondents self-reported their physician-made SpA diagnosis, which included AS, uveitis/iritis, undifferentiated SpA, psoriatic arthritis, axial SpA, enteropathic arthritis associated with inflammatory bowel disease, reactive arthritis, and juvenile SpA. Respondents selected any of the aforementioned SpA conditions that applied to them; it is possible that respondents may have had overlapping SpA conditions. The respondents also reported the duration of their disease, the time since diagnosis, and a description of the doctor care that they were receiving for their SpA (i.e., physician specialty, number of doctors seen, frequency of visits to a doctor). The respondents also reported specific locations of joint involvement as well as any existing comorbidities or other associated conditions, such as high blood pressure, high cholesterol, depression, fibromyalgia, Crohn disease/ulcerative colitis, acid reflux, eye inflammation, irritable bowel syndrome, migraine, and balance issues. The respondents specified the treatment agents that they were receiving at the time of survey participation, including analgesics, biologics, cannabis, NSAIDs, opioids, slow-acting antirheumatic drugs, and steroids.
The QOL of respondents with AS was assessed based on the EASi-QoL questionnaire [23] . The EASi-QoL consists of 20 questions designed to evaluate the impact of AS on four QOL domains (scale 0-80; a higher score indicates a severer impact): physical function (6 questions; maximum score = 24), disease activity or discomfort (4 questions; maximum score = 16), emotional well-being (5 questions; maximum score = 20), and social participation (5 questions; maximum score = 20). Each question is scored 0-4 (0 = not limited at all, 1 = a little limited, 2 = moderately limited, 3 = very limited, and 4 = totally limited/unable to do). A low impact of disease on QOL corresponds to a total EASi-QoL score of 0-17, a medium impact to a score of 18-35, and a high impact to a score of C 36. The top two levels of impairment, i.e., ''very limited'' and ''totally limited/unable to do,'' were considered a high impact of disease for each individual question. Participants were queried about the impact of AS on their QOL within the day of survey participation with regard to the physical domain and within the week prior to participation with regard to the discomfort, emotional, and social domains. Although AS affects men more commonly than women, 53.1% of the survey respondents were women [30] . Accordingly, a 3:1 (male to female) weighting was performed for select outcomes to reflect the reported prevalence of AS in US adults [30] .
Data Analysis
Categorical variables were presented as the count and percentage of respondents per category, and continuous variables were summarized with means. Outcomes from the 2017 LIS were presented for overall respondents with AS (weighted) and for respondents with AS stratified by sex (unweighted). Outcomes from the 2011 LIS were presented for overall respondents with AS (weighted) and for respondents with AS stratified by sex (unweighted). The chi-square test was used to test for differences in categorical variables between men and women; P \ 0.05 was considered statistically significant.
Compliance with Ethics Guidelines
IRB approval was not obtained when this study was designed in 2011. The IRB of Oregon Health & Science University has since confirmed that the study design was compliant with the Declaration of Helsinki and the Belmont Report.
RESULTS
Of the 820 participants who completed the 2017 LIS, 716 (87.3%) self-reported receiving a diagnosis of AS from their doctor and were included in this study. Baseline demographics and disease characteristics are summarized in Table S1 of the Electronic supplementary material (ESM).
On average, respondents with AS had consulted with 2.2 doctors about their back pain, joint pain, or inflammatory problems within the last 2 years; this included 20.7% of respondents who had seen C 4 doctors in that period. With regard to current treatment, 76.7% of respondents with AS received care from rheumatologists, 8.7% from primary care physicians, and 3.8% from orthopedic surgeons ( Table 2 ). More than one-third (36.7%) of respondents saw their doctor 2-3 times a year, and 33.0% saw their doctor every 2-3 months; 57.5% of respondents discussed medication options with their doctor and jointly participated in treatment decisions. Of the 52 respondents (7.3%) who were not currently seeing a doctor for their AS, 17 reported that their disease did not bother them enough to obtain medical help.
Respondents with AS were most commonly currently receiving biologics (50.7%), NSAIDs (31.6%), analgesics (23.3%), and slow-acting antirheumatic drugs (18.2%) at the time of the survey ( Table 2 ). In general, women reported more drug use than men in all 4 categories (54.7% vs 46.1%, 36.6% vs 25.9%, 28.4% vs 17.6%, and 24.2% vs 11.3%, respectively). Of 364 respondents with AS who were queried about the primary reason for choosing their specific biologic, 45.3% reported that they were using it because it was recommended by their doctor. Overall, most respondents (63.7%) were satisfied (''slightly,'' ''somewhat,'' ''mostly,'' and ''completely satisfied'') with their current drug treatment. Many respondents also applied nonmedicinal treatment to their lifestyle, including stretching or strengthening exercises (66.1%); biking, running, or walking (58.1%); practicing proper posture techniques (55.3%); and special diets (39.0%). A summary of medical care, treatment history, and satisfaction with treatment taken at the time of survey participation in the 2011 LIS (weighted) is shown in Table S2 of the ESM.
Using the EASi-QoL survey, respondents reported the impact of AS on their QOL (Fig. 2) . The mean total EASi-QoL score was 28.9 AS ankylosing spondylitis, HMO health maintenance organization, PPO preferred provider organization (Fig. 2a) . Similar trends were observed in the 2011 LIS for respondents stratified by sex (Fig. S1 in the ESM). When stratified by NSAID vs biologic use, a lower proportion of respondents on biologics reported a high impact of AS on their QOL (Fig. 2b) . The proportion of respondents (overall and stratified by sex) reporting a high impact of AS (i.e., the top two levels of impairment for each question) in the four QOL domains is shown in Fig. 3 . Women were more likely than men to report a high impact of AS in several aspects in all QOL domains. In the physical domain, significantly more women than men reported being negatively impacted by AS with regard to lifting a child or heavy objects (43.2% vs 27.8%; P \ 0.0001) and standing for 30 min (34.9% vs 26.0%; P = 0.0128). In the discomfort domain, significantly more women than men reported feeling tired or lacking in energy (46.4% vs 33.4%; P = 0.0004) and interference with sleep (32.7% vs 23.4%; P = 0.0081). In the emotional domain, significantly more women than men were worried about the future (37.3% vs 23.5%; P \ 0.0001), lacked drive or motivation (27.2% vs 20.4%; P = 0.0364), and found that AS interfered with their ability to concentrate (19.8% vs 12.0%; P = 0.0057). Last, in the social domain, significantly more women than men reported that their AS prevented them from keeping physically active (35.9% vs 26.6%; P = 0.0092), prevented them from traveling by car AS ankylosing spondylitis, NSAIDs nonsteroidal anti-inflammatory drugs, SAARDs slow-acting antirheumatic drugs or public transport (19.2% vs 10.5%; P = 0.0019), and interfered with their normal work (30.7% vs 23.1%; P = 0.0268). Similar trends were observed among respondents in the 2011 LIS (Fig. S2 in the ESM) . The impact of AS on certain lifestyle characteristics is shown in Fig. 4 , including participation in sports, career choice, ability to work, and time with friends and family. Nearly twothirds (65.1%) of respondents reported a frequent (''all the time'' and ''often'') impact of AS on participation in sports. In addition, & 40% of respondents reported similar impacts of AS on career choice and how much they were able to work, and nearly one-third (31.3%) reported that AS impacted the time spent with friends and family.
DISCUSSION
In this updated 2017 LIS of 716 respondents with AS from the SAA, we found that AS imposes negative impacts in all QOL domains analyzed (physical, discomfort, emotional, and social); the mean overall weighted EASi-QoL score was 28.9. Furthermore, women with AS were significantly more impacted than men in Fig. 2 Impact of AS on the QOL of respondents with AS stratified by a sex and b NSAID vs biologic use are reported as observed. Data stratified by current NSAID vs biologic use are weighted 3:1 (male to female). P \ 0.05 is considered statistically significant. AS ankylosing spondylitis; EASi-QOL Evaluation of Ankylosing Spondylitis Quality of Life questionnaire; NSAID nonsteroidal anti-inflammatory drug; QOL quality of life. *P \ 0.05, male vs female several aspects across all QOL domains. Overall, AS had the highest negative impact on physical function and affected various lifestyle characteristics, including participation in sports and career choice.
Our findings from 2017 share many similarities with the results of the 2011 LIS. In 2011, the mean overall weighted EASi-QoL score was 26.9 among all respondents with AS, and respondents reported negative impacts of AS in all QOL domains. Interestingly, the mean overall weighted EASi-QoL score was higher in 2017 than in 2011 (28.9 vs 26.9), as was the proportion of respondents who reported a high impact of disease on QOL (34.7% vs 31.3%). Respondents were older and shared a higher comorbidity burden in 2017 vs 2011, which may have contributed to the slightly higher impact of disease on QOL. With regard to comorbidities and AS-associated diseases, the proportions of respondents reporting high blood pressure and high cholesterol are similar in both surveys. However, uveitis was more frequently reported by respondents in 2017 vs 2011 (30.3% vs 19.0%), and eye inflammation was more commonly reported than uveitis in both surveys (46.4% in 2017 and 47.9% in 2011). ''Eye inflammation'' is a broad term that includes uveitis [31] , and few may recognize the term ''uveitis.'' It is therefore possible that respondents reporting eye inflammation may have experienced uveitis but reported eye inflammation due to unfamiliarity with the term ''uveitis.'' As similarly observed in the 2017 LIS, more women than men reported a high impact of AS in all four domains in the 2011 LIS across all individual activities except getting up from a sitting position, dressing or undressing, and feeling embarrassed or self-conscious; a significantly higher proportion of women than à For activities related to the discomfort, emotional, and social domains, participants were queried about the impact of AS on their QOL during the previous week.
§ P \ 0.05, male vs female men with AS reported difficulties standing for 30 min. With regard to medication, respondents in 2017 had more treatment options available compared with respondents in 2011, particularly newer biologics. Most respondents in both surveys reported being under the care of rheumatologists and using other nonmedicinal treatments such as strengthening exercises and yoga.
Our results mirror those of a study reviewing the QOL of patients with SpA-European patients with AS also reported that the disease had the most impact on physical domains [32] . Spinal pain and mobility restriction, which may be measured by the Bath Ankylosing Spondylitis Functional Index (BASFI), inflict substantial impairments on daily activities [33] ; BASFI metrics correlated substantially with QOL measurements [32, 34] . The severity and symptoms of AS, along with pain, discomfort, and fatigue, were the primary contributors to impairment of QOL [34] . Overall, approximately one-third of survey respondents reported feeling tired or lacking in energy, more significantly among women than men. Indeed, the management of pain and fatigue are crucial to alleviating the physical, social, and psychological aspects of AS [35] .
The advent of biologic agents has revolutionized the AS treatment landscape, and current evidence indicates that routine clinical use of biologics greatly improves patient QOL [10] . Since biologics are more likely to be prescribed for patients with more severe disease [10, 36] , and respondents on biologics in our study had QOL scores roughly comparable to those on NSAIDs, our data imply that biologics resulted in a substantial improvement in QOL. However, the clinical benefits of biologics may be diminished due to the poor treatment adherence and early discontinuation, thus increasing medical costs and forcing the need for more aggressive treatments [37] .
Depression and anxiety are also frequently reported among patients with AS [34, 38] ; in fact, even though emotional issues were the second most commonly discussed topic among patients with AS in online communities, the ability of commonly used patient-reported outcome tools to capture these issues was limited [38] . In our study, anxiety about the future was the most frequently reported impairment in the emotional domain (27.0% overall), more significantly among women (37.3%) than men (23.5%; P \ 0.05). A decade ago, screening for depression among patient populations was discouraged unless clinicians could establish that it would improve health outcomes [39] ; now, with the realization that chronic pain-related diseases are often linked to mental health disorders [40] , an integrated, multidisciplinary The ability to keep physically active (29.0%) and interference with work (25.0%) and family life or friendships (14.6%) are some of the aspects of the social domain reported by survey respondents to be impacted by AS. These aspects, along with traveling by car or public transportation (12.6% overall), were significantly more impacted in women (19.2%) than in men (10.5%; P \ 0.05). Our results agree with those of a cross-sectional survey regarding work and family life, which reported that patients with AS in several US metropolitan cities were significantly more likely than the general population to be work disabled, unemployed, and divorced or never married; women with AS were less likely to have children, but the number of men with AS who had children was not different from that of the general population [41] . Likewise, a more recent study reported that patients with AS were more frequently dissatisfied and extremely dissatisfied with life compared with controls, and highlighted the importance of providing support with regard to social participation in order to improve QOL [42] .
Significant sex differences were observed with regard to comorbid conditions; e.g., women were more likely than men to have comorbid depression and fibromyalgia, while men were more likely than women to have comorbid hypertension and heart disease. These comorbidities could very likely play a role in sex differences in QOL. Additionally, sex differences observed across all QOL domains examined in our analysis have been discussed in several other studies, highlighting that female patients may manifest AS differently from men due to different immunologic [43] and genetic [44, 45] responses to the disease. Furthermore, disease activity as measured by the Bath Ankylosing Spondylitis Disease Activity Index was significantly higher in female than in male patients with AS in several studies [46] [47] [48] . One report also documented a significantly lower QOL in female than in male patients as measured by the Ankylosing Spondylitis Quality of Life questionnaire [47] .
As with all survey-based studies, patient perspectives may be subject to the patients' bias and experience. Physician-confirmed diagnoses and detailed treatment histories were not available; our study relied on respondents' selfreported physician-made diagnoses of AS and other SpA conditions, which may lead to underor over-representation of associated conditions and/or bias in reporting of symptoms. It is unlikely that the absence of physician-confirmed diagnoses invalidates the study, as past studies have shown that patients are reasonably accurate in their self-diagnosis of SpA [49, 50] ; the symptoms and medication use reported by survey respondents strongly indicate spondylitis. The survey participants may be more motivated and/or involved in their healthcare than patients with AS in the general US population. While the overall participation rate was high (our study was planned for 800 respondents-700 by online survey and 100 by phone), the participation rate was greater among female than among male respondents, which is consistent with other studies showing that women are more likely than men to participate in online studies [38, 51] .
CONCLUSIONS
This real-world survey targeted patients with AS across the United States, thus providing greater representation of the geographic distribution, demographic diversity, and disease spectrum compared with tertiary referral centers or clinical trials. Respondents with AS reported negative impacts in all QOL domains, with a mean overall EASi-QoL score of 28.9. Sex differences showing a greater impact of AS on QOL in women versus men were noted across several aspects of daily living, including lifting a child or heavy objects and worrying about the future. Integrating subjective metrics of disease via patient-reported outcomes should be included, along with clinical evaluation of AS progression. Overall, available studies, including ours, point to the need to identify and ameliorate impaired QOL aspects to improve the outcomes of disabling rheumatological disorders such as AS.
